ABSTRACT This paper addresses the sampling effect problem in the microgrids consisted of multiple agents; easy example is the distributed generator. We would like to pay attention to the secondary control problem of the microgrids. Inhere, the sampling effect will be analyzed as the main constraint among multiple distributed generators in the microgrids. To do this, the proposed secondary control scheme for the microgrids is modeled by employing a directed graph structure because the microgrids were based on the network communicated through one-way links. By constructing suitable Lyapunov-Krasovskii functional and using some mathematical theory, a sufficient control condition, which is formulated to the consensus protocol form, for the target problem will be derived in terms of LMI. Finally, the simulation example is illustrated to bring the necessity of the analysis of the sampling effect out in operation of the microgrids.
I. INTRODUCTION
Microgrids are consisted of various components such as various batteries, solar, wind, distributed generators (DGs), building, solar carport, electric vehicle charging, and so on. One thing to look for is that each DGs can be formulated by the network communicated through the multiple agents. In this point of view, multi-agent systems have interested to research the communication network which is consisted of multiple agents due to their strong applications in many research fields such as robotics, power systems, and so on. Thus, the consensus protocol scheme can be applied to the microgrids consisted of multiple DGs. The reason of this is that a consensus problem is the prime concern in the research fields of the network consisted of multiple agents [1] - [6] . Here, the consensus concept means to achieve an agreement on the subject of the state of all agents. In addition, the primary control in the microgrid is used to maintain the stability of the voltage and the frequency, and the secondary control is utilized to reinstate the values of the voltage and the frequency of DGs to their nominal values [7] .
First of all, the hierarchical control structure of microgrids consists of three controls; primary, secondary and tertiary control. By using the droop technique, the primary control is implemented as a local controller. The droop technique is prescribed by the desired relation between the frequency and active power, and between the voltage amplitude and reactive power. Then, the technique is implemented in the internal control loops of DGs by constructing the voltage droop characteristics:
and the frequency droop characteristics:
for i = 1, 2, . . . , N [7] , [8] . Here, N is the total numbers of DGs, v d i and v q i are the voltage amplitudes of the ith DG based on the direct-quadratic frame generated by the primary control. Q i and n Q,i are the measured reactive power at the ith DG terminal and the droop coefficient based on the reactive power rating of the ith DG. V n,i is the primary control reference. w i and w n,i are the frequency of the DG generated by the primary control and its reference, respectively. And m p i is the frequency-active power droop coefficient based on the active power rating of the DG.
On the other hands, in practical systems like as DGs in Microgrids targeted in this work, continuous signal processes in the control system may not exist. Therefore, by including sampled-data concept, various approaches [3] - [6] and [9] - [12] have been proposed to substitute for continuous signals. The sampled-data approach involves sampling the state variables for many systems at an instant discrete time and synchronizing the systems. However, to the best of authors' knowledge, the sampling effect to apply the consensus algorithm has not been tackled in the secondary control problem for the communication network consisted of multiple DGs in Microgrids yet. In addition, the delay effects on the secondary frequency control of the microgrids [13] was conducted as the preceding research by the authors.
Motivated by the mentioned above, in this paper, for the first time, the secondary control problem in microgrids with sampling via the consensus protocol law is addressed. To do this, the fixed and directed graph and synchronized sampling among multiple agents are considered. Here, because we use the zero-order hold in the sampling process, continuous signal processes are sampled before being used, and a sampled signal processes appear discontinuous at sampling instants and continuous in otherwise [14] . For this reason, the sampling effect can be considered as the constraint between multiple agents in network. Thus, to analyze the sampling effect in microgrids, by constructing the suitable LyapunovKrasovskii functional and utilizing some mathematical theory, a sufficient control condition, which is formulated to the consensus protocol form, for the target problem will be established by Theorem 1. Through one simulation example, it will be urged on the microgrids to explain the need of the analysis for the sampling effect in operation of the secondary control in view of the voltage and the frequency in the microgrids.
Notation: R n , R m×n and S n + are, respectively, the sets of n vectors, m × n matrices, n × n positive definite matrices. 0 is zero matrix of appropriate dimension. X > 0 represents symmetric positive definite matrix. He{X } and col{x 1 , . . . , x n } stand for, respectively, the sum of X and X T and the column vector with the vectors x 1 , . . . , x 2 . The symmetric terms in symmetric matrices and in quadratic forms will be denoted by . X [f (t)] means that its elements include the scalar value of f (t) affinely. X ⊥ means the right orthogonal complement of X .
II. PRELIMINARIES AND PROBLEM FORMATION
The interconnection of a communication network of multiple agents can be informed using a directed graph (digraph) G = (V, E). Here, V is the set of nodes: V = {1, 2, . . . , N } and E is the set of edges; E = {(i, j) : i, j ∈ V} ⊂ V × V. An adjacency matrix A = [a ij ] N ×N of the digraph G is the matrix with nonnegative elements satisfying a ii = 0 and a ij ≥ 0. If there is an edge between i and j, then the elements of matrix A described as
the degree of the ith node:
More details can be seen in [15] . Differentiating Eqs. (1) and (2) lead tȯ
Let us defineV n,i −n Q,iQi andẇ n,i −m P iṖ i as the consensus protocol structure. Then, the secondary control of a microgird can be designed to for i = 1, 2, . . . , N ,
The references are formulated bẏ
Remark 1: The control laws: u v,i (t) and u w,i (t), are used as follows:
This means that the secondary voltage V n,i and the secondary frequency w n,i are selected as the secondary control to synchronize the terminal voltage amplitude and the frequency of each DG to the reference values. Remark 2: Two types of structures for the secondary control approach are shown in Figure 1 . There are a vast number of researches into the secondary control of the centralized structure, which is the conventional way. The centralized structure is typically more sensitive to failure and error modeling, as it provides a single point of failure. However, the distributed structure is more reliable than the centralized structure. To put it concretely, the conventional secondary control drawn in Figure 2 is corresponded to the centralized case in Figure 1 (a). As a result, the primary control of DGs is dependent on the only secondary control like as Control Center. In the whole of microgrids, the failure of the secondary control is a single point of failure. It will be quite deadly. In contradistinction to the conventional secondary control, the proposed secondary control structure can be avoided by distributing the secondary control part into each DG like as Figure 1 (b). For this reason, in this paper, the consensus concept of the multi-agent systems have been exploited to reflect the distributed structure in the secondary control in the microgrids. At that time, in the proposed secondary control, the leader in multi-agent systems plays a role as the reference of the voltage or the frequency; V ref or ω ref , in the conventional case. In addition to this, the distributed structure can be explained like as Blockchain concept, issue these days.
To analyze the sampling effect, the consensus protocol scheme between each DG with sampled-data can be described as follows:
for all t ∈ [t k , t k+1 ), where a ij and b i are the connection weight defined as: a ij > 0 if DG i is connected to DG j and a ij = 0 otherwise, and b i = 1 if reference is connected to DG i and b i = 0 otherwise. Moreover, the information flow among each DG is assumed to be generated by a zero-order holder with a sequence of sampling instants t k satisfying
When the sampling interval is constant, it holds that t k+1 − t k = h M > 0 where h M is a known scalar. Here, the sampling interval condition can be transformed to the time-varying delay condition as follows:
System (4) with the consensus control (7) can be formulated in the matrix forṁ
where
is the Laplacian matrix associated with the structure of the graph satisfying for i = j
The aim of this paper is to analysis the sampling effect on the secondary control from (8) . And, the following lemma will be utilized in deriving main results.
Lemma 1 [9] : Let x(·) be a differentiable function:
the following inequality holds:
Lemma 2 [16] : For a matrix R ∈ S n + and all continuously differentiable functions ω(·), given scalars a and b satisfying a < b, the following inequalities hold:
Lemma 3 [17] : Let x ∈ R n , A ∈ S n , B ∈ R m×n such that rank{B} < n. The following relationship holds:
III. MAIN RESULT
In this section, a consensus condition is presented. For simplicity, some scalars and matrices are defined as follow: 
where e i ∈ R 8n×n for i = 1, . . . , 8 are elementary matrices. e.g., e T 2 ζ (t) = x(t k ). Now, the main result in this paper is proposed as follows:
Theorem 1: For a given positive scalar h M , all agents in the system (8) with the control (7) are consented to leader, if there exist matrices P ∈ S 2N + ,
Proof: Consider the following Lyapunov-Krasovskii functional (LKF):
where 
T (s)Rẋ(s)ds
Differentiating (13) leads tȯ
T ζ (t) 
And, to convert a quadratic form which is composed of the relation t k and t k+1 into a linear form, a simple way to solve it is to calculate maximum and minimum values of the the quadratic form.
Then, from Eqs. (14) - (19), theV (t) has an upper bound asV
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Finally, by Lemma 3 and Schur complement, from the convexity on h k , t k+1 and t k , if the LMIs (10) and (11) hold then the condition (21) is satisfied. This means that system (8) is asymptotically consensual. This completes the proof.
Remark 3: It is noted that the LKFs V 2 (t) and V 3 (t) vanish before and after the sampling time t k . Therefore lim t→t k V (t) = V (t k ) satisfies. Thus, it is confirmed that LKF V (t) is continuous in time. To lead less conservative results, the novel time-dependent discontinues Lyapunov-Krasovskii functional was proposed in the work [9] .
Remark 4: Inspired by the work [11] , time-dependent double integral term
was proposed to obtain less conservatism for consensus criteria of system (8) . In the process of calculating its time derivative, the quadratic form of the equation (t k+1 − t)(t − t k ) 4 which is composed of the relation t k and t k+1 was obtained.
To convert the quadratic form into the linear form, a simple way is to calculate maximum and minimum values of the the quadratic form. By utilizing above solution, the quadratic form can be changed into the linear form in (19) .
IV. ANALYSIS ON THE SAMPLING EFFECT
In this section, one simulation example is give to analyze the sampling effect. Consider the graph for the network consisting of 3-DGs illustrated by Figure 3 . Then, the corresponding matrices are stated as follows:
Then, the Laplacian matrix can be easily obtained as
By Theorem 1, the upper bound value of the sampling interval applied by the secondary control proposed by (7) is obtained as 0.9. This means that through the proposed control (7), the stability under the sampling interval, 0 ≤ t k+1 − t k ≤ 0.9, in the microgird drawn by Figure 3 can be guaranteed by the proposed control (7).
Remark 5: There will be one doubt that, the topology structure of graph is known in advance. But, the answer to this is very simple: from Figure 3 , we know the information flows listed in Table 1 . From Table 1 , the topology structure of graph can be easily explained as the adjacency matrix A. For an example, in the case of DG 1, the information flow (1,2) means the element a 12 = 1 of A. Moreover, the important thing here is that the Laplacian matrix of graph is the indication of the structural information.
Based on the result: 0 ≤ t k+1 − t k ≤ 0.9, the sampling effect on the secondary control in microgrids is brought from the following two points of view up: seen that the magnitude of the line is decreasing. In addition to, the trajectories for the control (7) are drawn by Figure 7 .
• Sampling effect on the secondary frequency control When h M = 0.9, the simulations for the frequency trajectory are drawn by Figures 8 -10 . After time = 50[sec], the value of the reference frequency w r (t) is changed from Remark 6: As mentioned in Section I, because of the zero-order hold, continuous data are sampled before being used, a sampled-data appears discontinuous at sampling instants and continuous in other times. The sampled data retains between sampling processes. Here, the time interval between sampling precesses is called as the sampling interval. The interval is like the time delay, which will cause poor performance or even instability of systems as shown in the studies on the traditional time-delay systems. To underpin this point, in the case of the voltage control form DG 1 as a representative, the simulations are committed by drawing Figures 12 -15 changing the value of the sampling interval: 0.1, 0.5, 0.7, and 1.2. From these figures, the effect of the sampling interval can be easily confirmed. In other words, the value greater than or equal to 0.9 is a major value to the performance. For this reason, the concept of sampled-data have gained considerable attentions due to one of the constraints between each agent in network. Moreover, the sampling interval can be determined by the following order (This way is used in this paper.): (i) Constructing the suitable Lyapunov-Krasovskii functional V (x t ); (ii) Leading the LMIs satisfied with the time-derivative of V (x t ) less than 0; (iii) Solving the LMIs using Matlab with the solver SeDuMi. At this time, the sampling interval is obtained as its maximum value, which is h M in this paper, to exist the feasible solution.
V. CONCLUSION
In this paper, the sampling effect on the secondary control of microgrids has been addressed. To analyze the effect, by employing the Lyapunov-Krasovskii functional and utilizing the network of structure consisted of multiple agent, the sufficient condition for the target problem have been derived within LMIs. Finally, to show the necessity about the analysis on the sampling effect in microgrids, the simulation example has been given in the previous section. Moreover, our future works will focus on grafting the state estimation problems [18] , [19] 
